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METHANE AND DUST CONTROL BY WATER INFUSION 
Pittsburgh Coalbed (Fairview, W.  Va.) 
Abdurrahman Cetinbas,' R. P. Vinson? Joseph Cervi k, 
and M. G. zabetakis4 
The effect of water infusion on the flow of methane and on the production 
of dust was investigated at an active face in the Pittsburgh coalbed. The 
average total flow of methane at the face decreased by approximately 79 per- 
cent, whereas the flow from the ribs increased about 24 percent after infusion. 
On the day after infusion, dust concentrations appear to have been reduced; 
however, the presence of large quantities of rock dust obscured the results on 
the following days. 
INTRODUCTION 
Water is now used routinely to wet the dust formed while mining coal, and 
thus reduce the amount becoming airborne. In conventional, continuous, and 
longwall mining systems, the water is generally delivered to the work area in 
the form of a spray. However, a column of water is utilized in wet drilling 
6 and in seam infusion. In the former, water is delivered to the bit through 
a hollow drill stem; in the latter, water is forced into the coal by drilling 
a hole and pumping the water through it into the coal seam. This tends to wet 
the coal and thus reduce the production of airborne dust. Unfortunately, the 
results have not been entirely satisfactory so that this procedure has not had 
widespread acceptance, except where longwall mining methods are used. 
schlick6 notes that water infusion is used in over 50 percent of the longwall 
faces in Germany; German mining regulations now require water infusion wher- 
7 ever possible. According to Gregson, approximately 13 percent of all faces 
=Mining engineer. 
'physicist. 3 
Supervisory geophysicist. 
'~esearch supervisor, Methane Control and Ventilation. 
5 Parisi, C. William. Respirable Coal Dust Abatement and Control. Min. Cong. 
6 
J., v. 57, No. 4, April 1971, pp. 58-62. 
Schlick, D. P. Respirable Dust Control in the Mines of West Germany. 
BuMines Inf. Circ. 8490, 1970, 16 pp. 
7 Gregson, H. Deep Hole Infusion in the Kent Coalfield. Coll. Guard., v. 212, 
May 13, 1966, pp. 599-604. 
i n  Great B r i t a i n  a r e  being infused through 6-foot-deep holes spaced 6 yards 
apar t .  
Experimgnts on water infus ion f i r s t  were conducted almost 30 years ago i n  
South Wales. More recen t ly ,  a number of water infus ion experiments have been 
conducted i n  an e f f o r t  t o  d r ive  methane from a coalbed, and subsequently t o  
block t h e  flow of methane i n t o  t h e  working area.  Merritts and h i s  coworkers 
noted that m e t p n e  could be re leased a t  control led  r a t e s  by regula t ing the  
flow of water,  ~ r e ~ s o n l '  reported that water reduced t h e  high peak methane 
emissions encountered i n  t h e  high-speed mining of gassy seams, while 
Walstenholme and ~ r s c o t t l l  found t h a t  water infus ion of f l o o r  boreholes was of 
l imi ted  use. 
The present  study was designed t o  obta in  quan t i t a t ive  data  on the  e f f e c t s  
of water infus ion i n  reducing both dust  and methane concentrat ions i n  the  work- 
ing a r e a s  and i n  t h e  a i r  r e tu rns  of  operat ing mines. This i s  the  f i r s t  i n  a 
series of r epor t s  on experimental inves t igat ions  t o  determine the  condit ions 
under which water infusion can be e f f e c t i v e l y  incorporated i n t o  the mining 
cycle  of an  operat ing mine. 
The cooperation of t h e  Eastern Associated Coal Corp., Pi t tsburgh,  Pa., 
during the  course of t h i s  study is  g r e a t l y  appreciated. The authors a l s o  wish 
t o  thank W i l l i a m  Hylton, superintendent, and James Hayhurst, mine foreman, 
Federal No. 2 mine, f o r  a ss i s t ance  i n  planning and conducting the  work 
described i n  t h i s  r epor t ;  members of the  Bureau's Pit tsburgh Fie ld  Health 
Group i n  t h e  design of t h e  dus t  experiments; and Frank McCall and Helen Lang 
of t h e  Bureau's Pi t t sburgh Mining and Safety Research Center f o r  a ss i s t ance  
with the  dust  and gas samples co l l ec ted  i n  t h i s  study. 
TEST SITE 
Infusion experiments were conducted i n  t h e  Eastern Associated Coal Corp. 
Federal No. 2 mine ( f ig .  1) .  The mine operates i n  t h e  Pi t t sburgh coalbed near 
'Jenkins, P. T. Suppression of  Dust by System of Water Infusion i n  Coal 
Seams. Proc. S. Wales Ins t .  Eng., v. 59, 1943, p. 306. 
'Jackson, E. O . ,  and W. M. Merritts. Water Infusion of  Coal P i l l a r s  Before 
Mining, Independent Coal and Coke Co., Kenilworth, Utah. BuMines Rept. of 
Inv. 4836, 1951, 25 pp. 
Merritts, W. M.,  W. N. Poundstone, and B. A. Light. Removing Methane (Degas- 
i f i c a t i o n )  From the  Pi t t sburgh Coalbed i n  Northern West Virginia.  BuMines 
Rept. of Inv. 5977, 1962, 39 pp. 
Merritts, W. M., C .  R. Waine, L. P. Mokwa, and M. J. Ackerman. Removing 
Methane (Degasification) From t h e  Pocahontas No. 4 Coalbed i n  Southern 
West Virginia.  BuMines Rept. of Inv. 6326, 1963, 39 pp. 
10 Work c i t e d  i n  footnote 7. 
llwalstenholme, E. F., and R. L. Arscott .  Methane Drainage. Coll.  Guard., 
v. 217, No. 9, September 1969, pp. 514-520. 
FIGURE 1. - Federal No. 2 Mine Map. 
Fairview, W. Va. The coalbed is 9 feet thick; 7 feet is being mined at pres- 
ent and the remainder is left to control roof and bottom stresses. Overburden 
thickness ranges from 734 to 842 feet. 
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Federal No. 2 mine property 
l i e s  on the Bel le  Vernon a n t i c l i n e  
and the Waynesburg syncline. These 
geologic s t ruc tu res  trend general ly 
NNE-SSW. Figure 2 shows the general 
l i thology between t h e  two major coal-  
beds i n  t h i s  area ;  the  Sewickley 
coalbed l i e s  approximately 100 f e e t  
above t h e  Pit tsburgh coalbed. 
There a r e  two well-developed 
c l e a t  systems i n  t h e  Pit tsburgh coal- 
bed; t h e  face  c l e a t  t rends N 70' W 
and the  b u t t  c l e a t  N 20' E. The 
permeability of the  coalbed i s  due 
t o  these systems. The f rac tu re  
spacing i s  about 6 inches. The asso- 
c ia ted  gas pressure of the  coalbed 
a s  measured by a d r i l l  s t e m  t e s t  con- 
ducted on a surface  borehole d r i l l e d  
i n t o  the  coalbed i n  a remote area  i s  
about 275 psig. 
The present  study was conducted 
i n  a sec t ion  being mined with a twin- 
borer continuous miner. Room-and- 
p i l l a r  mining is  used with s i x  head- 
ings 14 f e e t  wide on 100-foot cen- 
t e r s ;  c rosscuts  a r e  on 80-foot 
centers .  
The mine's v e n t i l a t i o n  system 
exhausts about 870,000 cfm of mine 
a i r  through a s ing le  shaf t .  A s p l i t  
system of v e n t i l a t i o n  is  used i n  the  
study sec t ion  t o  con t ro l  methane a t  
the  face  areas.  Figure 3 shows a 
schematic of the v e n t i l a t i o n  plan. 
Entr ies  a r e  numbered 1 through 6 
from l e f t  t o  r i g h t .  Entr ies  1 and 6 
a r e  r e t u r n  a i r  courses; e n t r i e s  2, 
3, and 5 a r e  the  in take  a i r  courses; 
FIGURE 2. - General Lithology of Sewickley and and en t ry  4 i s  neu t ra l  (be l t - l ine  
Pittsburgh Coalbeds and the Adia- heading). The in take  a i r  headings 
cent Strata. i n  t h i s  sec t ion course approximately 
58,000 cfm of a i r  t o  the  face areas ;  
approximately 38,000 cfm passes t o  the  l e f t  (entry 1 ) ,  and 20,000 cfm t o  the  
r i g h t  (entry 6). A t  t h e  face,  an exhaust fan with 20-inch-diameter extens ible  
tubing i s  used t o  exhaust methane-air mixtures a t  a r a t e  of 9,500 cfm. The 
volume flow of methane from the face  a rea  of the  sec t ion i s  59 cfm fo r  the  
l e f t  s p l i t  and 73 cfm f o r  t h e  r i g h t  s p l i t .  The t o t a l  flow of methane from the  
mine is  approximately 8 mi l l ion  cu f t  per day (about 5,550 cfm). 
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FIGURE 3. - Enlarged View of Study Area. 
Table 1 shows the daily coal production from the study section during the 
period considered here; average daily raw coal production was about 617 tons. 
Total coal production from the mine was about 5,100 tons per day. 
TABLE 1. - Daily coal production--study 
area. Federal No. 2 mine 
Date. 1971 Tons -
September 1 5 . . . . . . . . . . . . . . . . . . . . . .  815 
September 16. ..................... 331 
September 17...................... 435 ..................... September 18. I0 .................... September 19.. I0 
September 20...................... 903 
September 21...................... 601 
'idle. 
INSTRUMENTATION 
Methane measurements were made with Bureau of Mines pellester type record- 
ing methanometersla and ~ikenl~ gas indicators (0 to 10 volume-percent scale). 
In addition, gas samples were taken for analysis on an Instruments Inc. model 
C-40 gas chromatograph equipped with a flame ionization detector. 
Dust concentrations were obtained using MSA Monitare model G personal 
dust samplers. Instrumentpackages at each sampling location consisted of two 
units to permit the collection of respirable as well as total airborne dust. 
Air velocity measurements were made with ~ ~ - 2 4 ~ ~  (recording) and Taylor 
(handheld) anemometers. Rockwell industrial watermeters were utilized to 
determine the rate and quantity of water used for infusion as well as that 
used by the spray system on the continuous miner. 
Infusion holes were drilled with single post-mounted and handheld hydrau- 
lic drills. These holes were sealed with 2-518-inch-diameter Lynes inflatable 
packers (fig. 4); the overall length of each packer is 53 inches; the sealing 
segment is 36-314 inches long. Packers are connected in series with 5-foot 
lengths of 1-inch-OD schedule 80 pipe. The inflation chambers are intercon- 
nected with 114-inch-diameter plastic tubing. In practice, packer assemblies 
are made up and inserted into each infusion hole until the correct seal depth 
is reached. 
laLaScola, J. C., and Joseph Cervik. Development of Recording Methanometers 
and Recording Anemometers for Use in Underground Coal Mines. BuMines 
Tech. Prog. Rept. 15, 1969, pp. 9-13. 
13~eference to specific makes or models of equipment is made to facilitate 
understanding and does not imply endorsement by the Bureau of Mines. 
'*work cited in footnote 12. 
Scale, inches - 
FIGURE 4. - Lynes Inflatable Packer and Schedule 80 Spacing Pipe. 
EXPERIMENTAL PROCEDURE 
Methane monitoring started 3 days prior to infusion and was continued 24 
hours a day for 8 consecutive days. Two recording methanometers and one 
BM-24 recording anemometer were installed in each return airway (fig. 3) with 
the sensing heads located at points found to have the average air velocity of 
the airway. Inby stations were kept approximately 50 feet, and outby stations 
600 to 650 feet, from the face in the vicinity of the areas designated as sta- 
tions A, B y  C, and D. In addition to the continuous recordings, spot measure- 
ments were made at every block between the inby and outby stations, at the 
face area, and at the intake airways. Methane readings were taken at the rib 
and at the center of the airway in each case. 
Dust sampling started 3 days before infusion and was completed 9 days 
later. This yielded 3 days of preinfusion sampling and 4 days of postinfusion 
sampling; samples were taken only on the day shift (8 a.m.-4 p.m.) on normal 
production days. At the beginning of the day shift, dust-monitoring personnel 
mounted one instrument package at each of the following locations: On the 
continuous miner approximately 3 feet inby the operator; on the loader approx- 
imately 3 feet inby the operator; in both left and right returns approximately 
150 feet ouby the face. In addition, an MSA personal dust sampler was located 
in an intake airway approximately 250 feet outby the face (fig. 3). After 
mounting, each sampler was checked periodically for correct flow and proper 
positioning of the sampling head. 
To infuse the coal, four 3-inch-diameter holes were drilled into the coal 
at the face area (fig. 5). Holes 1, 2, and 3 were approximately 127 feet deep; 
they were sealed with packers to a depth of 75 feet, leaving the back 52 feet 
of hole open for water infusion (fig. 6). Hole 4 was approximately 55 feet 
.Hole No. l Hole No. 3 
I 2 3 4 5 6 
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FIGURE 5. - Location of the Infusion Boreholes. 
deep, and was sealed t o  a depth of 40 f e e t ;  15 f e e t  of hole was open fo r  water 
infusion.  Once i n  place, the  packers were i n f l a t e d  t o  800 p s i  with a pressur-  
ized mixture of ethylene glycol  and water. Af te r  t h e  packers were i n f l a t e d ,  
the  mine water supply was connected d i r e c t l y  t o  the  1-inch pipe and the  coal  
infused ( f ig .  6) .  Infusion pressure a t  holes  1 and 2 was 410 p s i  with an aver- 
age infus ion flow r a t e  of about 10 gpm; flow r a t e s  ranged from a high of 19 t o  
a low of 8 gpm. Infusion pressure a t  holes 3 and 4 was 320 p s i  with an aver- 
age infus ion flow r a t e  of about 8.5 gpm; flow r a t e s  ranged from a high of 10 
t o  a low of 5 gpm. Water appeared a t  the  face and r i b  a reas  i n  7-112 hours 
(hole 4) t o  42 hours (hole 3 ) .  Infusion was continued i n  holes 1, 2, and 4 
f o r  varying periods a f t e r  water appeared a t  the  face. 
An observer was s ta t ioned a t  the  face  a rea  during a l l  normal production 
s h i f t s  t o  record the  complete mining cycle. He recorded the i n t e r v a l s  when 
mining occurred, t h e  amount of coa l  mined, t h e  d i r e c t i o n  and r a t e  of face 
advance, and the  periods during which rock dust  was dispersed inby the  dust  
samplers. 
flow ' 
meter 
$-inch pipe [packer 
FIGURE 6. - Schematic of Sealed l n f u s  ion Borehole. 
RESULTS AND DISCUSSION 
Methane Emission 
Figures 7 and 8 show the  methane flow r a t e s  a t  each of two locations i n  
the  re tu rn  e n t r i e s  of the  study a rea  during the  e n t i r e  period. 
Curves and c show the  flow r a t e s  a t  the  inby s t a t i o n s ,  and curves b and 
d show the  r a t e s  a t  the  ouby s t a t i o n s .  The average methane flow r a t e s  before -
(September 15-17) and a f t e r  (September 20-22) infus ion a r e  l i s t e d  i n  t ab le  2. 
The average t o t a l  methane flow r a t e  a t  the  face  dropped from 132 cfm (XI) 
before infus ion t o  28 cfm (Xa) a f t e r  infusion ( f ig .  9) ;  the  average flow r a t e  
15 was thus reduced approximately 79 percent.  This decrease (XI -&) was found 
t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the  0.05 l e v e l  of s igni f icance  i n  each case; 
the  95-percent confidence i n t e r v a l  i s  shown f o r  each of the  inby curves i n  
f igures  7 t o  9. The s c a t t e r  ranged from a low of 4 cfm (one standard devia- 
t ion)  i n  t h e  l e f t  r e t u r n  t o  a high of 8 cfm i n  the  r i g h t  r e tu rn  a f t e r  infusion; 
the s c a t t e r  was 6 cfm i n  both l e f t  and r i g h t  r e tu rns  before infusion.  
TABLE 2. - Average methane flow r a t e s ,  cfm 
S t a t  ion I Left I Right I Total  
I r e t u r n  I re tu rn  I 
PREINFUSION 
Inby ............ I 59 1 73 1 132 
Outby ........... 1 91 1 152 1 243 
Difference.. . .  .. I 3 2 1 79 I 111 
POSTINFUS ION 
Inby ............ I 14 1 14 I 28 
The average methane flow r a t e s  a t  t h e  outby s t a t i o n s  (face plus r i b s )  
decreased from 243 before infus ion t o  166 cfm a f t e r  infusion,  a  decrease of 
Outby ........... 
Difference.. . . . .  
l b ~ h e  average flow r a t e  was reduced approximately 50 percent i n  a subsequent 
s tudy i n  an  adjoining property when methane was emitted along the  face 
c l e a t .  
6 2 
48 
104 
90 
166 
138 
FIGURE 7. - Methane Flow Rates in Entry 1. 
about 32 percent.  But the methane flow r a t e  from the r i b s  increased about 
24 percent following infus ion (111 versus 138 cfm). While some increase i s  t o  
be expected a s  add i t iona l  r i b  a rea  i s  exposed, much of the  add i t iona l  flow 
occurred because methane was d iver ted  from the  face  by t h e  infused water. The 
water not  only d iver ted  methane out  through the  r i b s ,  but  a l s o  generated 
s teeper  concentrat ion gradients  i n  t h e  r e t u r n  near the  face. This i s  c l e a r l y  
FIGURE 9. - Total Methane Flow Rates From the Study Area. 
evident  i n  t h e  r e s u l t s  of t h e  surveys made e a r l y  i n  the  morning of Septem- 
be r  17 and 21 i n  e n t r i e s  1 and 6 with a Riken detec tor .  Methane concentra- 
t i o n s  increased with increasing dis tance  from the  face. However, the  i n i t i a l  
r a t e s  of increase were g rea te r  a f t e r  infus ion than before. These data ,  con- 
ver ted  t o  methane flow r a t e s ,  a r e  presented i n  f igures  10 and 11. No attempt 
was made t o  obta in  concentrat ions a t  points  corresponding t o  the  average a i r -  
speed, so t h a t  the  data  i n  f igures  10 and 11 do not check with those a t  the  
corresponding points  i n  f igures  7 and 8. However, they a r e  i n t e r n a l l y  consis t -  
e n t  and show t h e  d ive r t ing  e f f e c t  of infused water on methane emission from 
the  r i b s .  I n  addi t ion ,  each s e t  of f igures ,  a s  w e l l  a s  the  data i n  t a b l e  2, 
i l l u s t r a t e s  t h e  important e f f e c t  of r e l a t i v e  r i b  locat ion on methane flow. 
Thus, the  r i b  flow i n  t h e  r i g h t  r e t u r n  (entry 6) was 2.8 times the flow i n  the  
l e f t  r e t u r n  (entry 1) before infus ion and 1.8 a f t e r  infusion.  The mine map 
( f i g .  1)  shows t h a t  the  r i g h t  s i d e  of t h i s  sec t ion i s  i n  v i r g i n  coal ;  the l e f t  
s i d e  i s  adjacent  t o  o the r  mine workings, so  t h a t  p a r t i a l  degas i f ica t ion has 
occurred. 
FIGURE 10. - Methane Flow Rates From Face and Rib of Entry 1. 
DISTANCE FROM FACE, f t  
FIGURE 11. - Methane Flow Rates From Face and R i b  of Entry 6. 
cervik16 has  noted t h a t  methane e x i s t s  i n  coalbeds a s  a compressed gas i n  
t he  f r a c t u r e  system and an  adsorbed gas  i n  t h e  micropore s t r u c t u r e  of s o l i d  
16cerv ik ,  Joseph. An I n v e s t i g a t i o n  of t he  Behavior and Cont ro l  of  Methane 
Gas. Min. Cong. J . ,  v .  53, No. 7, J u l y  1967, pp. 52-57. 
coal .  I n  an  undisturbed coalbed the  amount of adsorbed gas i s  i n  equilibrium 
with the  gas pressure i n  the  f r a c t u r e  system. For a blocky coa l  such a s  t h a t  
i n  the  Pi t t sburgh coalbed, the  contr ibut ion t o  t h e  t o t a l  flow of gas due t o  
desorption i s  expected to  be small i n  comparison t o  the  flow of compressed gas 
through the  f r a c t u r e  system. For highly f rac tured coal  such a s  t h a t  i n  the  
Pocahontas No. 3 coalbed i n  southern Virginia,  the  contr ibut ion t o  the  t o t a l  
flow of methane due t o  desorption may be appreciable.  
For purposes of discussing methane migration, a coalbed cons i s t s  of the  
s o l i d  coa l  o r  matr ix  and t h e  f rac tu res .  The coalbed i s  waterflooded through 
the  f r a c t u r e  system and can be characterized a s  a f i l l i n g  of the  f rac tu re  void 
., volume with water. Water cannot en te r  the matrix because of t h e  extreme f ine-  
ness of the  pores i n  t h e  s o l i d  coal ;  these  a r e  estimated t o  be but  a few ang- 
strom u n i t s  i n  diameter. 
Emplacement of a waterbank across  the face area  of a mine sec t ion  has 
been shown t o  block t h e  flow of gas through f rac tu res .  Therefore, methane i n  
t h e  f r a c t u r e  system which would flow normally toward t h e  sec t ion (primari ly 
along the  b u t t  c l e a t  i n  t h i s  case)  i s  diver ted  and en te r s  the sec t ion  outby 
the  face  area .  Curves and c ( f igs .  7 and 8) show t h a t  the flow of methane 
from t h e  face a rea  i s  not reduced t o  zero innnediately a f t e r  infusion (Septem- 
ber 20). Methane i n  t h e  adsorbed s t a t e  i s  not  a f fec ted  by the  water infusion 
process because i t s  flow i s  control led  by a methane concentrat ion gradient  
between the  matr ix  and f rac tu re  system. I n  addi t ion ,  degradation of coa l  
increases  the  r a t e  of flow by desorption. 17 Thus, the  volume flow of methane 
immediately a f t e r  infus ion,  about 14 and 6 cfm from the l e f t  and r i g h t  s ides ,  
respect ively ,  i s  a t t r i b u t e d  t o  desorption. Under normal circumstances t h e  
quan t i ty  of methane given o f f  by desorption i s  small i n  comparison t o  the  con- 
t r i b u t i o n  of flow through the  f rac tu re  system. 
The e f f e c t  of d r i l l i n g  holes  i n  the  coalbed on the  l e f t  s i d e  of the  sec- 
t i o n  and the  flow of methane from these holes i s  apparent from curves a and b 
( f ig .  7). The hor izon ta l  holes  were d r i l l e d  on September 18, followed by 
water infus ion of t h e  coalbed on September 19. 
Curve a shows a pronounced increase i n  methane flow during the d r i l l i n g  
operat ion.  The methanometer sensing head was approximately 20 f e e t  from the  
discharging hole,  and the  peak i s  probably ind ica t ive  of incomplete mixing of 
methane from t h e  hole  with the  v e n t i l a t i n g  current .  Curve a l s o  shows a r i s e  
i n  volume of methane passing the  outby s t a t i o n  which i s  not  a s  pronounced a s  
t h a t  a t  t h e  inby s t a t i o n  but  does r e f l e c t  a more thorough mixing of methane 
and a i r .  (The barometric pressure  was r e l a t i v e l y  steady during t h i s  period, 
r i s i n g  from about 1,021 t o  1,022 mb between noon on September 17 and noon on 
September 18.) 
The e f f e c t  of d r i l l i n g  holes on the  r i g h t  s i d e  of the  sec t ion  has been 
obscured by experimental d i f f i c u l t i e s .  Curve ( f i g .  8)  shows a small peak on 
1 7 ~ i r e y ,  E. M. Gas Emission From Broken Coal. An Experimental and Theoreti- 
c a l  Inves t igat ion.  In te rna t .  J. Rock Mech. Min. Sci., v. 5, 1968, 
pp. 475-494. 
September 18, but t h e  inby s t a t i o n  (curve s) shows only a sharp decrease; t h e  sens- 
ing head of t h e  methanometer was again  approximately 20 f e e t  from the  hole.  There 
a r e  severa l  poss ib le  reasons f o r  t h i s  e f f e c t .  The b r a t t i c e  i n  e n t r y  6 had excessive 
a i r  leakage which may have forced the  methane flow from the  hole  t o  follow a path 
c l o s e  t o  the  r i b ,  thus  bypassing t h e  methanometer sensing head. I n  add i t ion ,  consid- 
e r a b l e  d i f f i c u l t y  was experienced i n  d r i l l i n g  the  outs ide  hole  i n  e n t r y  6. Two 
at tempts  were made t o  d r i l l  t h i s  ho le  and both terminated i n  t h e  roof a t  about the  
55-foot depth. During t h i s  d r i l l i n g ,  water may have p a r t i a l l y  infused t h e  coalbed 
surrounding t h e  hole  and forced the  methane i n t o  t h e  en t ry  downstream from the sens- 
ing head. Methane peaks d id  occur a t  the  outby s t a t i o n  on September 18. 
Analysis of coa l  samples taken near t h e  boreholes before and a f t e r  infus ion 
i n d i c a t e s  t h a t  the  t o t a l  moisture content  increased by about 0.7 weight-percent. I f  
we assume t h e  infused water (approximately 6,000 cubic f e e t )  was dispersed uniformly 
i n  t h e  coalbed, i t  would have penetra ted a volume of about 850,000 cubic f e e t  of 
coa l .  Assuming t h a t  t h e  water spreads along the face  a t  twice t h e  r a t e  a t  which it 
spreads along t h e  b u t t  c l e a t ,  the  water infused across  the  face  and i n t o  the coa l  a t  
l e a s t  200 f e e t .  This should be adequate t o  reduce the  methane flow f o r  a t  l e a s t  a 
week a t  present  mining r a t e s ,  although a s  new sur faces  a r e  exposed, t h e  water i s  
dr iven out of t h e  coa l .  Fur ther ,  the re  i s  reason t o  be l i eve  t h a t  the  presence of 
water f a c i l i t a t e s  the removal of the  coa l .  Thus, desp i t e  an excess of water a t  t h e  
face ,  more coa l  was mined on t h e  day a f t e r  t h e  in fus ion  than on any other  day during 
t h e  inves t iga t ion .  
Dust Production 
The b e n e f i c i a l  e f f e c t  of water infus ion on dust  i s  no t  a s  apparent a s  i t  i s  on 
methane. Both t o t a l  and r e s p i r a b l e  dust  were monitored. A l l  dus t  concentrations 
were converted t o  MRE equivalents  and t h e  concentra t ions  expressed i n  mg/m3 
( t a b l e  3) .  
TABLE 3. - Dust survey data  
I I 
Date 
9-15-71 
9-16-71 
9-17-71 
9-20-71 
9-21-71 
9-22-71 
9-23-71 
- 
Opera- 
t ion 
time 
1 borer,  
min 
Auxi l iary  
v e n t i l a -  
t i o n  
d i rec ted  
down 
r e t u r n  
Right 
Lef t  
do. 
do. 
Right 
do. 
do. 
I n  an attempt t o  e l iminate  the  e f f e c t  of v a r i a b l e  coal  production during dust 
monitoring, dust  concentra t ions  were divided by tonnage of coa l  produced. Fig- 
u res  12 and 13 a r e  histograms of the  t o t a l  and r e s p i r a b l e  dust  concentra t ions  per 
ton of coa l  mined during t h e  dust  sampling cycle ;  they a r e  based on data from the  
l e f t  and r i g h t  r e t u r n  airways. 
Produc - 
t i o n  
day 
s h i f t ,  
tons  
48 5 
208 
200 
480 
28 9 
116 
239 
'Respirable dus t  . 
a To ta l  dus t .  
3 Airflow taken 600 f e e t  outby the  face .  
4 ~ i g h  concentra t ion of rock dus t  voided the  sample. 
MRE equivalents  , mg/m 3 Vent i l a t ion  
i n  r e t u r n s ,  
c£m3 
Lef t  
36,000 
38,000 
39,000 
37,000 
38,000 
37,000 
38,000 
Boring 
machine 
~ i g h t  
21,000 
20,000 
20,000 
17,000 
18,000 
20,000 
20,000 
4.9 
- 3  
1 .2  
1 .6  
1.6 
1 . 9  
2.2 
Ta 
Lost 
97.1 
22.7 
53.2 
64.1 
25.4 
48.4 
Loading 
machine 
1 .2  
.8 
1.1 
.8 
1.2 
. 9  
.6 
Lef t  
r e t u r n  
T~ 
16.6 
5.7 
21.4 
15.6 
15.5 
9.2 
4.9 
0.6 
. 3  
2.0 
(4) 
- 3  
- 9  
1.2 
Right 
r e t u r n  
T~ 
13.4 
12.1 
16.4 
(4) 
3 .3  
3 .2  
8.6 
( 4 )  
0.1  
1.6 
. 3  
. 9  
2i2 
( )  
Ta 
(4) 
4.4 
20.1 
3 .6  
16.4 
22.2 
(4) 
1 1 1 1 1 1 1 1  
Left return 
- - 
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TIME, days 
FIGURE 12. - Respirable Dust Histograms. 
The dust  concentrat ions i n  both re tu rns  were unusually high on Septem- 
ber 17 and 22. On September 17, en t ry  1 was being advanced and the  aux i l i a ry  
v e n t i l a t i o n  fan was exhausting wi th in  approximately 50 f e e t  of the  dust  sam- 
p l e r s  i n  the  re tu rn .  On the  r i g h t  s i d e  of the  sec t ion,  e n t r i e s  5 and 6 were 
rock dusted and the  a i r  through these  e n t r i e s  was exhausted down the  r i g h t  
r e tu rn  (ent ry  6) .  The dust  samples i n  the  r i g h t  r e t u r n  were therefore  in f lu -  
enced by rock dust ing.  
/ 
On September 22, en t ry  6 was being advanced and the  a u x i l i a r y  v e n t i l a t i n g  
fan  was exhausting wi th in  50 f e e t  of t h e  dust  samplers. This condit ion caused 
unusually high d u s t c o n c e n t r a t i o n s a t  the  samplers, r e s u l t i n g  i n  an abnormal 
sample; t h i s  en t ry  a l s o  was rock dusted. 
No histograms a r e  given of the  dust  samples from the miner and loader 
locations.  The d a i l y  concentrat ions of these samples var ied  too much t o  per- 
m i t  a proper ana lys i s .  They were influenced by many fac to r s ,  such a s  place- 
ment of the  a u x i l i a r y  exhaust tubing. When t h e  tubing was run along the l e f t  
s i d e  of t h e  miner, most of the  dust  produced by the  borer was drawn away from 
the  samplers on the  r i g h t  s i d e  of t h e  miner. A t  times, t h e  aux i l i a ry  tubing 
was run along t h e  r i g h t  s i d e  of the  miner. In t h i s  s i t u a t i o n  much of the dust 
produced by t h e  miner was sampled. 
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FIGURE 13. - Total Dust Histograms. 
Another factor influencing these samples was the practice of rock dusting 
by hand. When mining operations were temporarily halted, the machine opera- 
tors would often rock dust in the area being mined. Thus, some of the filters 
collected airborne rock dust. 
Rock dust contamination of some samples, the wide variation of measured 
concentrations before and after infusion, and the small number of measurements 
make interpretation of the data difficult. However, there is an indication 
that water infusion does suppress total dust more than it suppresses respir- 
able dust. Figures 12 and 13 show that the dust concentrations were rela- 
tively low on the two day shifts following infusion. On these two day shifts, 
water infusion of the bed was continued while mining was in progress, but dis- 
continued the following day. The low dust levels may be attributed to infu- 
sion of the bed during mining. Moreover, the production on these two shifts 
after infusion was higher than the average for that section. 
CONCLUSIONS 
Methane was diverted from an active face in the Pittsburgh coalbed by 
infusing the coal with water. Infusion holes 55 to 127 feet and 100 to 300 
feet apart were effective in this respect for at least 5 days. The infused 
water also seems to have reduced the total and respirable dust for at least 
1 day. The procedures described here  can be incorporated i n t o  the  mining 
cycle  i f  t h e  d r i l l  crews operate during i d l e  s h i f t s  o r  over a weekend, making 
i t  poss ib le  t o  increase  the  level of sa fe ty  mate r i a l ly  with no l o s s  i n  face 
productivi ty.  Additional work i s  required t o  determine the  e f f e c t  of water 
infus ion on t h e  r a t e  a t  which coa l  i s  mined and dust  i s  produced, and t o  
e s t a b l i s h  optimum hole depths and water infus ion levels .  
